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Objective In the period January 1990 to September 1997, 70 patients, aged under 6 years were treated for
hydrocephalus with a subcutaneous ventricular catheter reservoir and/or a ventriculoperitoneal drain at the
University Hospital of Maastricht.
Methods By means of a retrospective chart analysis, the number of shunt infections and related risk factors
were analyzed.
Results Twenty-one patients (30%) developed one or more infections, with an infection rate of 15.2% per
surgical event. For an implanted reservoir or drain, the infection rates were 15.9 and 16.4%, respectively. The
study group consisted of 39 (55.7%) preterm infants (37 weeks) and 31 (44.3%) full-term infants (37
weeks), with infection rates of 33.3 and 25.8%, respectively. At the first surgical intervention 28 patients (40%)
had a postmenstrual age less than 37 weeks, with an infection rate of 46.4%. At the time of surgery, 69.7% of
the patients were aged less than 6 months, with an infection rate of 19.6%. The most frequent causative
microorganism of the shunt infections was Staphylococcus epidermidis (42.1%).
Conclusions Prematurity is an important risk factor for ventricular catheter reservoir and ventriculoperitoneal
drain-related infections, especially for patients with a postmenstrual age of less than 37 weeks at their initial
shunt placement and extreme low birth weight infants have a high risk for infection. In our opinion the use of
adequate antibiotic prophylaxis and optimal infection control measures are necessary to keep the rate of
infection as low as possible.
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INTRODUCTION
The percentage of shunt infections ranged in several retro-
spective studies from 0.17 to 39% [1–3, 4–12]. In patients
with subcutaneous ventricular catheter reservoirs (VCR) or
ventriculoperitoneal drains (VPD), the variations in infection
rate are probably due to differences in the age of the patients,
definition of infection, study methodology and peri-operative
measures.
Shunt infections are associated with many factors, including
among others, age and weight of the patient, experience of the
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neurosurgeon, place of surgery (intensive care unit or operating
room), duration of surgery, type of shunt, and use and duration
of prophylactic antibiotics [1,4,7,10,13].
The improvement of surgical techniques has made the place-
ment of shunt devices in high-risk newborns suffering from
hydrocephalus possible at a very early stage. However, the
incidence of complications (dysfunction and/or infection)
remains important, especially in low birth weight infants
(LBWI, birth weight less than 2000 g).
The aim of the study was to describe the number of VCR-
and VPD-related infections and to analyze the possible risk
factors in a patient population of preterm infants and young
children.
PATIENTS AND METHODS
By means of a retrospective chart analysis, shunt infections were
analyzed, in 70 patients less then 6 years of age, who required
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operations due to hydrocephalus between January 1990 and
September 1997. The operations consisted of insertion, revision
and removal of VCRs as well as VPDs. Prophylactic antibiotics
were given for 24 h pre-, per- and postsurgery, administered
intravenously and/or intrathecally depending on the type of
shunt. The doses administered depended on the age and weight
of the patients.
Information was recorded on the prevalence of infection,
demographic information on the patient, clinical symptoms,
use of prophylactic antibiotics, surgical data, laboratory results,
the presence of shunt dysfunction and the time period between
surgery and infection.
When a VCR infection was diagnosed, treatment with
vancomycin, both intravenously and intrathecally, in com-
bination with intravenous ceftazidime was administered until
the causative microorganism was identified. In the case of
Staphylococcus epidermidis, treatment with vancomycin, admin-
istered both intravenously and intrathecally, was continued for
14 days (after negative cerebrospinal fluid (CSF) cultures) and
ceftazidime was stopped. A 2.5–5 mg dose of vancomycin was
given intrathecally three times daily. If the CSF cultures
remained positive, the VCR was revised. When a VPD infec-
tion was diagnosed, the VPD was removed and a temporary
VCR was installed. For a Gram-negative microorganism, intra-
venous ceftazidime was administered for 21 days (after negative
CSF cultures) and vancomycin was stopped. The dosage
depended on the gestational age and weight of the patient.
All data were registered and analyzed using SPSS program,
version 7.0 (SPSS inc., Chicago, IL, USA). The characteristics
of the study group are outlined in Table 1.
Definitions
Shunt infection. A shunt infection was based on positive CSF
cultures and clinical symptoms (increased intracranial pres-
sure, wound dehiscence and/or erythema, fever and men-
ingism), which led to therapeutic interventions, i.e.
antibiotic therapy and/or a shunt revision [3,5,6].
VCR-tapping related infection. An infection 10 days or more after
surgery, caused by repeated tapping of a VCR.
Surgical infection. When a VPD or VCR became infected within
9 days of surgery, it was considered a surgical infection.
Shunt revision. An operation resulting in removal of a VCR or
VPD, or replacing a VPD by a VCR followed by intrathecal
antibiotic therapy, performed after a shunt infection was
diagnosed.
RESULTS
In the period January 1990 to September 1997, 70 patients,
then aged under 6 years, were treated for hydrocephalus, by
insertion of a VPD or VCR. This population of 70 children
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Table 1 Characteristics of the group of children studied
Infected/total (%)
Number of patients 21/70 (30)
Gestational age 28 weeks 4/7 (57.1)
28–37 weeks 9/32 (28.1)
37–42 weeks 8/31 (25.8)
Birthweight 1000 gram (ELBWI) 4/11 (36.4)
1000–1500 g 5/14 (35.7)
1500–2000 g 3/7 (42.9)
2000 g 9/38 (23.7)
Postmenstrual age 28 weeks 1/2 (50)
(PMA) at the first 28–37 weeks 12/26 (46.2)
shunt placement 37 weeks 8/42 (19)
Number of operations 30/198 (15.2)
Age 6 months 27/138 (19.6)
6 months–1 years 1/22 (4.5)
1–6 years 2/38 (5.5)
Type of shunt VCR 11/69 (15.9)
VPD 19/116 (16.4)
unknown 0/13
underwent 198 operations representing an average of 2.8
operations per patient.
Population
Of the 70 patients, 39 were preterm infants (37 weeks) and
31 were full term (37 weeks), with an infection rate of 33.3%
(13 of 39) and 25.8% (8 of 31), respectively (Table 1). Thirty-
two patients (45.7%) were LBWI (2000 g), among whom 11
were extremely low birth weight infants (ELBWI, 1000 g)
(Table 1). At the first surgical intervention two patients had a
postmenstrual age (PMA) of less than 28 weeks, 26 patients had
a PMA between 28 and 37 weeks and 42 had a PMA of
more than 37 weeks, with infection rates of 50, 46.2 and 19%,
respectively, (Table 1). All of the infected preterm infants had a
periventricular-intraventricular haemorrhage (PVH-IVH). The
initial placement consisted of a VCR (37 of 70) or a primary
VPD (33 of 70), after which infection occurred in 12 (32.4%)
and nine (27.3%) patients, respectively.
Surgery
Of the 70 patients, 21 had one or more infections, resulting in
a total of 30 infections (15.2%) after the 198 operations perfor-
med. The mean duration of these operations was 45 min, rang-
ing from 10 to 100 min. In this study no significant relation
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between duration and the number of infections was found. Ten
of the infections were surgical infections and 10 were tap-
related. The other 10 cases could not be clearly defined. At the
time of surgical intervention 138 patients (69.7%) were less than
6 months of age, 22 (11.1%) were aged between 6 months and
1 year and 38 (19.2%) were aged between 1 and 6 years. The
infection rates were 19.6, 4.5 and 5.5%, respectively, (Table 1).
In total 69 VCRs and 116 VPDs were placed or removed, and
11(15.9%) and 19 (16.4%), respectively, became infected. In 13
of the 198 operations the type of shunt placed was not
mentioned. The density incidence of VCR infections was 0.38
infections per 100 VCR-days.
Bacteriological results
A total of 190 positive cerebral spinal fluid (CSF) cultures were
obtained from the 21 infected patients. The most frequently
isolated microorganism was S. epidermidis (42.1%), followed by
other coagulase-negative staphylococci (14.7%) (Table 2).
Prophylactic antibiotics
During 12 of the 198 operations no prophylactic antibiotics
were administered. Four of these 12 cases were infected
(33.3%). The most frequently used therapy was a combination
of rifampicin and flucloxacillin (n = 76), with an infection rate
of 19.7%. The rate of infection after cefazolin (n = 31) was
12.9% and after vancomycin either both intravenously and
intrathecally or in combination with other agents (n = 19) no
infections were found. All antibiotics used were well tolerated.
Table 2 Micro-organisms isolated from 190 positive CSF
samples
Isolated microorganisms
Species No. %
Staphylococcus epidermidis 80 42.1
Coagulase negative-staphylococci 28 14.7
Staphylococcus aureus 13 6.8
Enterococcus faecalis 10 5.3
Bacillus cereus 13 6.8
Propionibacterium sp. 1 0.5
Gram positive rodsa 13 6.8
Gram positive coccia 16 8.4
Enterobacteriaceaeb 11 5.8
rest 5 2.6
a not further speciated (i.e. normal skin flora).
b Klebsiella spp., Escherichia coli, Proteus mirabilis.
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Neurosurgeons
Ten infections most probably originated during surgery. Four
neurosurgeons performed the majority of the operations. After
57, 57, 38 and 24 operations performed by each of these
surgeons, two, four, two and two became infected, respectively.
Shunt dysfunction
Dysfunction of the shunt without an intercurrent infection
was found 41 times. Of the 30 infections, 13 (43.3%) were
accompanied by a shunt dysfunction.
DISCUSSION
The majority of the patients were preterm infants (55.7%), a
high-risk group for shunt infections. The infection rate of pre-
term infants (33.3%) was higher than that of the full-term babies
(25.8%). This is probably due to the unstable, immature state
of the patients, the low birth weight, the high number of skin
bacteria [4] and the often long hospitalization which causes
more colonization with specific nosocomial microorganisms
[4,14,15].
In general, preterm infants with posthemorrhagic hydro-
cephalus were treated with a temporary VCR, because of the
high CSF-protein concentration and possible blood clots which
could obstruct a primarily placed definitive VPD [10]. Accord-
ing to the study of Benzel et al. (1993), early placement of a
VCR was associated with a decrease in the overall shunt infec-
tion rate, which is substantial in preterm infants [3]. Usually,
after reduction of the CSF-protein concentration the VCR will
be replaced by a definitive VPD, if necessary.
Treatment with an initial VCR includes the additional risk
of infections caused by repeated tapping (twice daily). The
placement of these VCR’s is usually performed in our neonatal
intensive care unit, which we previously reported to be suitable
for such surgery [16].In addition to the initial placement of a
VCR, these reservoirs were also used for intrathecal antibiotic
treatment after a VPD-related infection.
Important characteristics of our study were: the substantial
number of preterm infants (55.7%) and LBWI (36.4%), of
whom 11 (15.7%, of the total population) were ELBWI; the
number of patients (40%) who had their first surgical inter-
vention at a PMA less than 37 weeks; the number of patients
who underwent an operation before the age of 6 months
(69.7%); and the implantation of VCRs. At the time of surgery
47.8% of the patients were less than 2 months of age. These
characteristics make it difficult to compare our data with those
of other studies, mentioned in Table 3. Taking into account
the mean gestational age of 29.4 weeks and the use of ventricular
reservoirs, the study most similar to ours was that of Benzel
et al. [3]. Their infection rate of 32% was in accordance to our
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Table 3 Survey of studies of shunt infections
Authors and year Preterm infants/ Infected/number Age of surgery of all patients Infections/number of
[reference] number of patients of patients (%) (m = month, y = year) operations of all patients (%)
Choux et al. 1992 [11] 73/600 2/600 (0.33) 6 m, 32% 6 m–1 y, 9% 2/1197 (0.17)
1 y, 59%
Renier et al. 1984 [14] –/802 –/802 – 90/1141 (7.9)
Faillace et al. 1995 [7] 12/51 2/51 (3.9) 1 y, 46% 1–12 y, 16% 2/67 (2.9)
13–19 y, 7.8% 20 y, 29%
Williams et al. 1996 [12] – – – 68/659 (10.3)
Pople et al. 1992 [4] –/294 –/294 6 m, 38.2% 6 m, 61.8% 44/466 (10)
Kontny et al. 1993 [2] –/254 25/254 (9.8) neonates, 22.6% 1–6 y, 38.9% 28/350 (8)
7–18 y, 41.7%
Ersahin et al. 1994 [1] –/307 39/307 (12.7) 1 y, 86.6% 1 y, 31.4% 46/612 (7.5)
Borgbjerg et al. 1995 [5] –/884 65/884 (7.4) 1 y, 28.7% 1–14 y, 21% –/–
15 y, 50.3%
Benzel et al. 1993 [3] a/41 13/41 (32) – –/–
Bruinsma et al. 1999 37/70 21/70 (30) 6 m, 68.7% 6 m–1 y, 12.6% 30/198 (15.2)
1–6 y, 18.7%
a mean gestational age of 29.4 weeks
findings. The infection rates of the other studies were clearly
lower, but none of had the same high number of preterm infants
and children less then 6 months of age at the time of surgery.
Choux et al. (Table 3) [11] especially described a very low
infection rate, but they neither mentioned the age at which
surgery was performed, nor the incidence of posthemorrhagic
hydrocephalus in the group of 73 preterm infants. Initial place-
ment, early in the postnatal period, has a significantly higher
infection risk than a later placement [10]. This is confirmed by
our data. Of the 28 patients who had a PMA less then 37 weeks
at their initial placement 46.4% were infected.
Several preoperative procedures have to be performed before
a patient undergoes surgery in order to decrease the risk of
infection. According to several studies, chlorhexidine or povi-
done iodine are the most effective agents for skin disinfection
[7,11,15,17]. Use of povidone iodine has the development of
hypothyroı¨dism as a main risk factor. Chlorhexidine (0.5%
chlorhexidine +70% Iso-propanol) seems to be a better choice
because of its very low incidence of allergic reactions, the
absence of any important systemic effects [4] and its residual
activity. According to the study of Ayliffe et al. chlorhexidine-
detergent consistently showed the best residual activity [13].
In our study we divided shunt infection into VCR-tapping-
related and surgery-related infections. VCR-tapping related
infections (n = 10) might be influenced by the frequency of
VCR-tapping and the aseptic techniques used [3]. Possible
factors relating to the surgical infections (n = 10) mentioned in
the literature are, segregation of sterile materials (‘skin and non-
skin instruments’), the use of prophylactic antibiotics, experi-
ence of the neurosurgeon and duration of the surgical
intervention [11]. The low number of infections per surgeon
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in our study does not allow comparison. No strict segregation
of ‘skin and non-skin instruments’ was used.
In the literature much controversy exists concerning the role
of prophylactic antibiotics in the prevention of shunt infections
[11,18,19]. In our study, 33.3% of the operations in which
prophylactic antibiotics were not used, were infected, whereas
with prophylactic antibiotics, the infection rate was 13.9% per
surgical intervention. In our opinion this emphasizes the
importance of the use of prophylactic antibiotics. In addition,
our results stress the necessity to reconsider the choice of
antibiotics. The combination mostly used (rifampicin and
flucloxacillin) showed the highest infection rate (19.7%).
However, with vancomycin, administered intravenously
and/or intrathecally, (when possible, using a previously placed
VCR) alone or in combination with other agents (rifampicin,
ceftazidime, administered intravenously) no infections were
found. Because the most frequently isolated microorganism
was S. epidermidis, the best combination to use seems to be
vancomycin (administered intravenously and/or intrathecally)
and intravenous rifampicin. However, the use of rifampicin as
prophylaxis should be avoided, as, since the increasing resistance
of Staphylococcus aureus it has to be preserved for therapeutic use
only. Because decreased susceptibility to vancomycin has also
recently been described in S. epidermidis [20], careful adherence
to the prophylaxis protocol, i.e. 24 h is of the utmost import-
ance. Also compliance with the infection control progamme
will help to reduce the prevalence of hospital-acquired infec-
tions.
The study of Faillace et al. presents useful advice on dim-
inishing the number of infections originating during surgery.
This ‘No-Touch Technique protocol’ gives meticulous atten-
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tion to not touching the skin incision edges with shunt com-
ponents to avoid bacterial contamination of the shunt. Its use
resulted in a clinically significant three-fold decrease in shunt
infection rate per operation (9.1 to 2.9%) [7].
In conclusion, prematurity is an important risk factor in
relation to shunt infections. In particular, patients with a PMA
of less than 37 weeks at their initial shunt placement and
ELBWI, have a high risk for infection. In terms of infection
the placement of a VCR in preterm infants is a valid temporary
measure. In our opinion, the use of prophylactic antibiotics and
optimal infection control measures (pre-, per- and post-
operative) are necessary to keep the rate of infection as low
as possible. The use of chlorhexidine skin preparation and a
prophylactic regime of vancomycin, administered intravenously
and/or intrathecally, is recommended.
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